Three different regions of the vertebrate central nervous system maintained in vitro (frog spinal cord, guinea pig olfactory cortex and hippocampus) have been used to investigate how Li ÷ influences membrane potential, membrane resistance, action potentials, synaptic potentials and the transmembrane K+-distribution of neurons and glial cells. In view of the therapeutic action of Li ÷ in manicdepressive disease, a special effort was made to determine the threshold concentration for the actions of Li ÷ on the parameters described above. It was observed that Li ÷ induced a membrane depolarization of both neurons and glial cells, a decrease of action potential amplitudes, a facilitation of monosynaptic excitatory postsynaptic potentials and a depression of polysynaptic reflexes. The membrane resistance of neurons was not altered. Li ÷ also induced an elevation of the free extracellular potassium concentration and a decrease of the free intracellular potassium concentration. Furthermore, in the presence of Li ÷ a slowing of the recovery of the membrane potential of neurons and glial cells, and of the extracellular potassium concentration after repetitive synaptic stimulation was observed. The threshold concentrations for the effects of Li + were below 5 mmol/1 in the frog spinal cord and below 2 mmol/l in the guinea pig olfactory cortex and hippocampus. The basic mechanism underlying the action of Li ÷ may be an interaction with the transport-function of the Na+/K ÷ pump.
INTRODUCTION
Despite extensive investigations, the mechanism of the therapeutic and prophylactic action of lithium ions (Li ÷) in manic-depressive disorder is still unclear. Besides a possible action on neurotransmitter metabolism and receptor sites, there are several indications that Li ÷ might interact with the distribution and transport of potassium and sodium in the central nervous system. It has been reported in this context, that Li ÷ induces a decrease in the K + concentration of brain slices19, 42. Ullrich et al. 4° described an elevation of the extracellular K + concentration in the cerebellum of rats which had been chronically treated with Li ÷. Furthermore, Li ÷ inhibited the K ÷ reuptake of brain cortical slices after a period of anaerobic incubation 17 and also the K + uptake into astrocytes in primary cultures 41. Complementary to these observations is the well-known interaction of Li + with the electrogenic Na+/K ÷ pump, as judged from the Li+-induced decrease or blockade of a membrane hyperpolarization following repetitive neuronal activity in rat or rabbit vagus nerve6, 30.33, in amphibian optic nerve 36, in the crayfish stretch receptor 24 and in primary afferents of the frog spinal cord s. The latter effect has been investigated mainly using rather high concentrations of Li +, but it was also observed in the therapeutic concentration range 6.
We have now extended the studies concerning Li ÷ and the Na+/K + pump by a comparative analysis of the effects of Li ÷ on 3 different regions of the vertebrate CNS maintained in vitro. It has been investigated how Li ÷ influences the membrane potential, membrane resistance, action potentials and synaptic potentials of neurons and glial cells in the isolated frog spinal cord, guinea pig olfactory cortex and hippocampus. Many of the experiments were performed using K÷-sensitive microelectrodes parallel to conventional intra-or extracellularly located microelectrodes. Furthermore, dynamic changes of the extracellular K ÷ concentration and of the membrane potential of neurons and glial cells have been observed under the influence of Li ÷. A special effort was made to determine the threshold for the actions of Li + on 0006-8993/83/$03.00 t~) 1983 Elsevier Science Publishers B.V.
